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Desipn Criteria - Floating Structure

Dead Load'(Includés anchor cdble initial force)

Rydrostatic Pressure (at still water draft)

LivehLoad (Highway or Rapid Transit Alternate)

~ Live Load Impact -

Normal Wind on Strucgﬁre ~ 1 Year Storm
Normal Wave ~ 1 Year Storm

StoxmAWind,on Structure = IOO'Ygar Storm

Wind on Live Load

Longitudinal Foxrce from Live Load '

Shrinkage and Creep
Temperature
Ea;thqﬁaké

Change in Lake Level

Férce'from Loss of Buoyancy in Any Two Adjacent Pontoon Com=

Agartments

r
oxr !

Force -From Loss of Any One Auchor Line
or

Force From Small Vessel Collision

o
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v
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or
Force from Flooding all Cells Across the Pontdon or Flooding

all Cells at Latersl Cable Wall

Note: Stzeamfldw, drift, and ice are considered negligible in Lake

Washington

- Basic Sﬁructuzal System

Pontoons - are reinforced coni:;:'e.t.a ~of cellular constrﬁction, frestressed
1ongitudiua}1y except the road';vay glab 15 prestressed ti:ansvers‘ely only.
All pontoons are rigidly connected Aby bolted joints 50 that tbé eﬁtixe
strocture. is continuous., V;:rt_:i.call‘y and torsionally the structure is
consi.dere‘dA a beam on elastic foundstion, Horizontally the st:ﬁcﬁux;e is
consideéed -8 continuous 'b.e'am with éiastic sSupports (@ab_les anchored tTo

the lake bottom.) o

Load Combinations _ - } - .
Group o " Toads 9 of Basic Allowable Stress “
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The design éh'all,.be‘ based on behavior at sgrvice conditions (ﬁlowable .

Stress Désign) as per 1977 AASHTO Specificationsf and Interims through*
19?8-, except as modified herein. ‘

S
e

" Basic Allowable Stresses shall be in accordance with AASHTO Specifi-

cations uing £' = 4,000 psi for Class AX, Comc. f' = 5,000 psi for
Glass PC Cone. and £ = 24,000 psi for Grade 60 Reinforcement, except .

as follows :

;?sé ..
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The non-prestressed reinforcement steel in the bottom slab and

exterior walls sliall be designed using fs = 14,000 psi.

a;_ The ultimate flexural atrength of the overall pontoon section
computed in accerdance with. Sec. 1.6.9 of AASHTO shall not be

lers t.hén:

(L) 1.3 @+H+EK) 2,17%
(i) 1.3 (D + H + VS + 5W 4K)

b. The overall pontoon;? section shall meet the maximum. and minimum

steel requirements of Sec. 1.6.10 of AASHTO,

c. Bolked joints comnecting the pontoons shall” be designed for
the load combinations apecified ‘herein and shall have ultimste -
flexural =strength not less .:thum the ultimate flexural strength

of the overall pontoon section.

The a-nch'orage' system shall be des‘i-_gne.a‘d- fc.ar Gr. IT or III loading at,
100% of Basic stresses. ~The anchor cables shall have an ultimate*
strength £actor of 2.0 min. for WS + SW + K and 1.33 min. for EQ. The; 3
anchors shall"have- afvfa.c:tor of safety of 2.0 min. a,gainsﬁ sliding or

ultimate lateral resistance.

Exterior lomgitudinal walls- shall be designed for the ‘above gzoup.

loadings at D + H + DM (force from small vessel collision) at 140% of
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basic stresses, assuming hydrostatic pressure for the full height of

the wall.

Intérior walls shall be designed for the above group loadings and for
flooding on one side at 1409 :of basic stresses. Also the interior
valls shell have the ultimate flexuzal stremgth to withstand a 100%
:meact due to rush:.ng water at the equll:.brlum water 1eve1 nsing a
F.S. of 1.1 and to w:Lthstand for Ffull height floodmg on one gide of

the vall using F.S. of 1.1.

Description of Loads

Dead Loads

R51nf§rce& concrete unit weight shall be take 51:1"‘ ally as 160 1b./cu.

iEt;. (mc:ludmg ren_n:E ) for computing dead load stressee and draft. As

the des:Lgn PLOETEsSes, ad;ustmen.ts will be made based on a concreter
'we:,gh.t of 152 #/c. f. plus actnal weight of the n:emforcing steel and
prestressing steel requ:u:ed.

The vertical component of initial cable load may be congidered as a

£
e

" demd load. Variations in the cable load die to displacements from

other loadings will be included in the effect of each loading, if

significant,
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Live Loud

\ - = Uee %25 Lwe,éeaz)\

HS 20 Truck or Lzne Loading 'shall be used without modification. Mili-

tary Laading of 2-24 kip axzles at &' certers shall alsg be considared.

The reversible lanes shall zlso ba dasigned for the Rapid Trapnsit -

Loading of the Puget Sound Go%rernmaatal Conference Rail. R'fz’npid Transit

Design Criterzia shew balow.

_ 3
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Cox Xength . 70
Car Meight . ©12' Max |
Caxr Width - 10’;
Speed o2 Br:i.dgé . 45 mph _ ‘?—
Axle Loud : 25 Kips )."

. Impact ' © 100 1L .
Tane Vidth 14" Min.

_Traction Force =~ = | . 15% _ -

: \

Vind R " 300 1bs per lin. ft. of txain -
Rail Weight - 100 las per yaxrd




Live Load Impact

— o v P I 1 s LUIO Vel s

Acceleration and

Deceleration Rate 3.5 me-/SEC Max,

Number of Cars

per Train Unit B Mot

Numbexr of Trains on 2 = 1 in each direction
Bridge at Same Time

Allowable Grade | 5% Max.

Rapid Tranmsit Loatiing ghall be used in combination with the Highway

Loadings, considering each track of Ré}}id Transit as a lane for use of

the multiple lane reduction factor.

In addition to Section 1,2,9 of AASHIO Specifications, 60% of the

resultant live l_béd stresses shall be used when produced by 1dading" 6

or more traffic lanes simultaneously. (Ontario Code)

Under towing and construction conditions, .the top. slab of roadway

pontoons shall be adﬁqﬁate to take an H-10 loading.

Under the elevated lroadwa'y, " the top slab of the pontoon shall be

designed for a single H-10 maintenapce truck.

e

o

Impact shall be applied din coﬁlputing local stregses in the roadway :

slabs and superstructure only, not for overall poutoon stresses. '
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_effect of wind and wind driven waves

- interval of 10Q years.
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Wind and Wave - General

Wind blowing over water generates a sea state that induces horizontal,
vertical and tor510n31 loads on the brldge structure. These loads are
a function of the wind velocmtyy wind dlrectlon, wind duration, fetch

(distance over water along which wind blows) and the’ channel configu~

ration and deptﬁ.' The byidge shall be designed for the combined

» both perpendicular and skew to
its 1ongitudinal-axié and.aasuming the First Lake thhington Bridge is
not in-place. Cons;deratlon shall be given to the normal storm and

extreme storm w;nd and wave conditions as indicated in the load com-

blnatlons. The noxmal gtorm conditions are deiined as the storm

conditions that have 2 recurrence inmterval of 1 year (i.e. the maximum

gtoxm that is Tikely to occur once a year). The .extreme storm condi-

tions are defined as the storm conditions that have a recurrence.

{

The 100 year storm conditions are shown in the

‘following table.

Wi

. Direc

North

South

nd ~ Wind Speed mph, Fetch

Storm Significant  Significant
tion Heading in wave height wave- period
10 sec.* 1 min. 1 hr (Azimuth)  Naut. mi. ft.
) 0-30° 6.5 3.04
49 - 45 37 ' ~ '
' ' 30°-60° 2.5 2.55°
60°-90° segligible
270°=0° negligible
90°-120° negligible _ ,
120°=180° 2.5 2.55 2.91
66 69 - 50 . : | .
180°=270° negligible -

yl-

by 1.31.

100 YEAR STORM CONDITIONS

.10 Second gust speeds were determined by multiplying 1 hour mean
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Wind Force on Structure

Each member shall be designed for 30 psE on the expésed' height ‘of

pontoon and superstructurs plus one traffic barrier height; applied

normal to the longitudinal axis,

49 miles per hour from.the morth or 66 miles per hour from the south

for Gromps II, V and IX loadings and 36 miles per hour from theAnOIjth..

or 55 miles per honr from the south fox Groups III, VI and X loadings.

A separate longitudinal wind forece of 28% of the transverse forxce

-~

shall be used.

An upward overturning force shall be applied to the superstructure per

AASHTO Specifications .

Wind Force on Live Load

Use 60% of the AASHTO Speci.ficati_ons vilues for highway loading. ¥or
Rapid Transit Loading use 25 psf on the train area eprsed above the

rail base,

.

o

#

The.averall ponteon section shall be designed for 10 second gusts of " ‘
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Waves

The sea is composed of waves from all differeat directions and ara of
various heights and frequencies. TFor a frequency domain analysis,

the sea state is defined by a directional wave power gpectral dens’ify

function; formed as the product of s unidirectional wave spectrum and: -

a spreading function. The wave spectrum xelates wave energy to

' fi:equency. The area under the spectrum is related to the total energy

of the sea state, In Lake Washington, the energy density spectra are

of the JONSWAP form, - as described in Section 2.3.3 of ‘Hood Canal _

Bridge Reﬁla‘cement Dt_as:fgn Criteris Manwsl by Parsons Brinckerhoff/
Raymond Technical Facilities, Apr. 1980.
The inertial and drag Forces induced By the waves impacting on the

croes section may be determined by any wave theory- that accurately

r-efireseuts its hydrodynamic behavier. .. The effect. of the motion of the .

 structure when impacted by  the &éaves mist be considered. Also, dif-

fraction theory must be nsed to acconnt for the influence of the

pontoon on the sea state.

Buperstructure pontoons shall be analyzed for stability as individual

units under towing conditions,

~fA
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Temperature

A temperature differential between various portions of the structure

ghall be considered as follows:

From submerged portion to exposed portien & 35°
From su.bmerged portion to shaded Port:.on 25 F .

From shaded portion to exposed portion, & 25° F

The submexged portlon is the entlre pontoon except top slab. The
shaded port.mn is the top slab of pontoon beneath the elevated

roadway. The exposed portion is the roadway slab, either on the.

elevated roadway or on the pontoon.

The temperature differential is the difference between average

temperature of the various structural portions.

For a lpngitudina’l temperature analysis of the strudtur'e the

top slab may be considered as a cracked section when it is. in*

tension. )

A

LAl

Shrinkage
Differential éhrink‘agé ghall be considered between the:top slab and

lower portion of the pontoon. The ultimate differential shrinlkage:

strain shall be 0.0003,

119
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Pontoon superstructures shall be designed for a differential shrinkage

strain of .0002.

Longitudinal Force fxom Live Load

Per 'AASﬁTO Specifications, ox VRapid Transit Criteria.. In applying‘ the
AASHIO Specifications the load used shall be the HS 20 Lane Loading
fo_r 1000 ft. of the stfuéture, then redecing linearly to HS 15 Lane
Loadiné in- 500 feet, and the remaining structure shall be loaded with

HS 15 Lane Loading. 5 lanes shall be used.

- Change in Lake Level - >

Maximum Rise = 0.8 feet, ' ]

Makimum Fall = 3.8 feet. - | . Coe

Earthquake

3

The design shall consider the effects of earthquake generated forces.

on the structu:e and the anchorage system.

r.te.\xl'

Potential Damage

Damage to the floating poxtion of the structure could occur from a
. . . \‘ P
collision with a boat, from severing.of an anchor line or from other

unforeseen accident. Damage to the pontoon bottem glab or exterior
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wall could result in loss of buoyancy locslly. Thus, forces arising
from the loss of buoyancy of any two adjacent cells, the flooding of
all cells for the Qidth’ of the pontoon, the flooding of the ten small
cells near the lateral cable -wall or forces from the severing of any

one’ anchor line shall be cons:.dered during normal operating and stomm

condltlons

In addltlon, the flooding of the five end cells of an :,solated pontoon

under towing or comstruction condition shall be consz,dered

3

In designing the pontoon exteriox walls, apply 10 kips hor:.zontal

NV . owo Falor 1o

collision load as a servz;c:a load at the center of the exterior wall .

panel.’ However, the exterior wall panel shall have an ultimate

stfength capac.;:‘,ty to withstand 30 kips.-

"Interior Wall I.oc’:ationvatxd Wall Openings

Provide sufficient interior walls, watertight doors. and freeboard on

wall openings to withstand potential damages previously m-ationed =

without resulting in a progréssive fadlure.

The wall spacmg and waterf:.oht door location teo megt'this criteria is

shown as follows,

5

pis
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% Anchor Cable
1
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Pontoons F~I & K-0 ' -
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p-0')| F8~117 | 20t | 298" 3p'-u” |20 l'd| 39" | 2a%e” | 29447 | 38%-u" |a0me"
- - Lgb e Lot Sl SR '3 S i e e e 3 s L
- Pontoon J ,
TJ Denotes wall opening between cells with 2°~3" freeboard
A Denotes wall opening between cells without freeboard
] ® Denotes wall opening between cells with watertight door
and 1'=1" fraehoard
&
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Reinforcing Steel Cover

Concrete cover at the face of any remforcmg steel bar shall be 24"
min. at- the top of the roadway slab, 1%" min. st the outside face of
the exterior walls and bottom surface of the bottom slab, and 1" min.

at all other locations. The clearance at the top of the roadway slab

includes a 1%" concrete overlay.
_ Freeboard

The rosdway pontoons shall %‘_pro‘,vide;.a minimum freeboard of 7'=6". The
superstructure poutoons shail proﬁde 2 freeboard of 7'«0". The free=-
board shall be measured from the top of the deck at the edge of the _
slab to the normal water level. The :Ereebo.ard shall be calculated

based on the following criteria.

a) The _concrete Awaight —shallbe teken as 152 p.c.f. plus the

weight, of the prestress and reinforcing steel involved. -

v

b) Thei:e.shall be no live 1o§d on the pontooﬁ.

ER

L

c¢) The vertical component of the ancho¥ cable foree ghall be .

considered as dead load.

d) The weight of cstwalk, ladders, and other hardware shall be

included,

e) The unit weight of water is 62.4 p.c.f.

15



